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The first autoradiographic attempts had as
their purpose the localization of radioelements
at the organ level. Later, it became possible
to determine, even at the cellular level, the
structure responsible for the activity. The first
application of electron microscopic autoradi-
ography to biological specimens by Liquier-
Milward (1) did not demonstrate a striking
increase in autoradiographic resolution. In an-
other early attempt O'Brien and George (2)
mentioned that this technic led to improved
resolution and showed some evidence for this.
Using bacteria labeled with tritiated thymidine
and a fine grain emulsion, van Tubergen (3)
was the first to demonstrate clearly a resolution
superior to that obtained by conventional
technics. By using thin sections of tissue labeled
with tritium and thin layers of fine grain
emulsions comparable results have been ob-
tained by others.
By means of high resolution autoradio-
graphic technics it is possible to localize the
incorporation of radioactive precursors into
cells or cell organelles. Tritium-labeled com-
pounds arc particularly useful since the soft
beta-particles of tritium make possible an
autoradiographic resolution of less than one
micron (4). Thus it is possible to visualize the
sites of incorporation of a tritiated amino acid
into a polypeptide. Using the presently avail-
able methods Caro ct al. (5) have demonstrated
conclusively the accuracy, reproducibility, and
the high degree of resolution obtainable with
electron-microscopic autoradiograpby.
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The advantages of these technics rapidly be-
came obvious. One can now study, witb better
resolution than previously possible, the intra-
cellular synthesis of the precursors of the
melanin granule and trace their subsequent
fate, as they become incorporated into the
well-ordered organelle labeled a melanosome.
Thus in a time sequence study it becomes possible
to visualize the progression of a labeled melanin
precursor through the cell until its incorpora-
tion into the final end product. By means of
this approach it will be shown that in the
Cloudman 5-91 melanoma, melanin granules
are not modified mitochondria, and that melanin
synthesis is initiated in the cndoplasmic reticu-
lum at the site of tyrosinasc formation rather
than in the melanosome as was previously sug-
gested (6).
MATEnTAL5 AND METHODS
The S-91 melanoma used in these experiments
was obtained as a transplant carried in MAI-DBA/
2 9 mice from Microbiological Associates, Inc.,
Bethesda, Maryland. The tumor line carried the
designation S-91 111/2. The tumor was maintained
in our laboratory by serial subcutaneous troear
transplantation into 9 DBA/2 (Bi) strain mice at
approximately 3—3½ week intervals. The tumors
used in the present experiment were ia the 16th
transfer generation in our laboratory. Eleven
tumor-bearing animals were used. The radioactive
test substances were injected into the animals 19
days following tumor inoculation; the tumors at
that time, as measured by caliper measurements in
2 directions, had an approximate mean diameter
of 0.9 >< 1.4cm.
The radioactive compounds used for the in-
jections were the following:
1. Tritiated DL-3 ,4-dihydroxyphenylalanine
(Dopa) T (G); specific activity, 224 me/mM
2. Tritiated DL-tyrosine T (C); specific ac-
tivity, 431 me/mM.
Both compounds were obtained from Nuclear-
Chicago Corp. Dopa was dissolved in sterile
physiological saline, tyrosine in N/60 NaOH.
The animals were injected intraperitoneally; 5
animals received injections of tritiated dopa, 5
received tritiated tyrosine, and 1 animal was
injected with solvent only (N/60 NaOH). Each
animal received 0.2 ml; this volume contained, in
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the case of dopa, 500 c of radioactivity and 572
c in the case of tyrosine.
The animals were sacrificed at 6, 24, 48 and 96
hours after injection of the isotopes. They were
killed by cervical dislocation and the tumors were
then excised aseptically and processed for examina-
tion by electronmicroscopic autoradiographic tech-
nics.
All tissues were then fixed in osmium tetroxide,
buffered to pH 7.4 with veronal-acetate buffer,
dehydrated in alcohol and embedded in Epon 812.
Sections were cut with a Porter-Blum microtome,
using glass knives, and mounted on formvar-coated
titanium grids. The formvar was fortified with a
thin layer of evaporated carbon before the
sections were picked up.
In the main, the technic for coating the sections
with emulsions was that employed by Hay and
Revel (7). The grids containing the sections were
attached to punched strips of "Band-Aid" which
in turn had been attached to glass slides by means
of double-coated, pressure-sensitive tape (3M
Company 665). About 40 cc of a 1:8 dilution
of Ilford L4 emulsion in distilled water was pre-
pared in total darkness. A heaping plastic spoon-
ful of the solid emulsion (whose volume had been
estimated by melting a similar aliquot and later
measuring it in the light) was added to the ap-
propriate quantity of distilled water in a Coplin
jar held at 45° C. in a constant-temperature tissue
flotation water bath. After allowing about 15
minutes for the emulsion to melt in water, the
mixture was thoroughly mixed by covering the
Coplin jar with Parafilm and inverting the jar
several times.
Next a pair of glass slides, unsectioned but hav-
ing previously been "subbed" by dipping them in
1.0% gelatin in warm distilled water and allowing
them to dry, were dipped in the emulsion to test
the amount of background or "fog" for that partic-
ular batch. The slides were given about 15 minutes
to dry in a vertical position, after which, one slide
was developed for 2 minutes in Dektol diluted 1:2
with distilled water, rinsed in distilled water,
and fixed for 5 minutes in Kodafix. This slide
was subsequently washed with several changes of
distilled water, allowed to dry, and examined
without a coverglass under oil immersion. Hay
and Revel's criterion, i.e. not more than 10 de-
veloped silver grains per oil immersion field, was
used to judge the suitability of that batch for
coating the radioactive sections. The second slide
of the pair was left undeveloped after drying and
examined under oil immersion for evenness of the
silver bromide coating.
If the two test slides indicated a satisfactory
emulsion, the slides bearing the grids with radioac-
tive thin sections were dipped one by one in the
same batch of emulsion. After dipping, each slide
was held by a plastic spring-type clothespin sus-
pended in a light-tight wooden box containing a
quantity of Drierite.
A number of slides bearing thick (0.5 to 1.0c)
sections from each animal experiment represented
were also dipped and dried in the same fashion for
light microscope study. After all slides bearing
thick sections or grids had been in the drying box
for one hour, they were transferred to black
Bakelite slide boxes (Clay-Adams Company), the
covers were sealed against light leaks by pressure-
sensitive tape (3M Company *'33) and stored in a
refrigerator at about 4° C. for exposure. Each
slide box contained a small amount of Drierite with
room left for about 20 slides. Beginning at about
3 weeks after coating, slides containing the thick
sections were removed, developed, fixed and
washed as above and after drying were stained for
several minutes in 1.0% aqueous toluidine blue
at 60° C. After staining, the slides were dehydrated
quickly with alcohol, cleared in xylene and
mounted in balsam, before being examined under
oil immersion. If study of the thick sections sug-
gested that some labeling had taken place, some
slides bearing grids with thin sections were de-
veloped in the same way.
In our hands, the step recommended by Hay and
Revel (7) of treating the grids with the Karnovsky
lead stain diluted with 0.02N sodium hydroxide
caused damage to the Epon sections. A satisfactory
alternative was found which involved immersing
the slides with attached grids in 0.OSN sodium hy-
droxide in distilled water for 15 minutes and rins-
ing with distilled water. The grids were then
carefully removed from the Band-Aid strips and
floated, section side down, on small drops of a
saturated aqueous solution of uranyl acetate
standing on a layer of paraffin in a shallow glass
dish. Staining in uranyl acetate was usually for
two hours, after which the grids were rinsed in
distilled water, allowed to dry after gentle pre-
liminary blotting, and examined in an RCA model
EMTJ-3F microscope or in a Siemens Elmiskop I.
RESULTs
The fine structure of the control (non-labeled)
tumor may be briefly outlined as follows: The
nuclei of the tumor cells are round, large, and
granular (Fig. 1). The mitoehondria are round
to filamentous and scattered throughout the
cytoplasm. The Golgi complex is hypertrophied
and located about the nucleus. The endoplasmie
reticulum is rough-walled and is in a dispersed
state. Melanosomes are present and are located
in the region of the Golgi apparatus (fig. 1).
They vary in size from approximately 0.2 to
1.0 j in diameter and are enclosed by a
smooth-walled membrane. Often a striated
membrane is located in the center of the
organelle. Mature melanin granules are also
present but are few in number. They too range
in size up to 1.0 .t in diameter. The tumor cell
membranes are relatively straight and closely
approximate one another. Of interest are the
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numerous electron-dense, osmiophilic "virus-
like" particles present within the tumor cell
(fig. 1). These particles are an outgrowth of the
endoplasmic reticulum; they eventually thicken,
become extremely osmiophilic, split lengthwise,
and finally form a round, double-membraned,
type A particle. The particles are approximately
70—95 mjr in diameter. They may he found free
within the cytoplasm hut in the main are lo-
cated within the endoplasmic reticulum.
Location of the isotope. When viewed with
the light microscope, the overall distribution of
the radioactive label is clearly demonstrated
(fig. 2). The figure represents tumor tissue from
mice injected with tritiated dopa. The nuclei
are free of activity, while the cytoplasm is
heavily labeled.
Electron micrographs of the same tumor
material were also analyzed following the in-
jection of tritiated tyrosine and dopa. It is
generally assumed (7) that free amino acids are
removed in the process of preparing the tissue
for combined electron microscopy and auto-
radiography. In the case of dopa the tritium
label is located in either melanin or macro-
molecular precursors of melanin, while tyrosine
can be incorporated into protein as well as
melanin. Dopa, thus, is a more specific pre-
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Fm. 1. An electron micrograph of the control tumor (no radioactivity present). The contrast is much
greater in sections that have not been labeled. Note the absence of grains. CM, cell membrane; er, endo-
plasmic reticulum; m, melanosome; M, mitochondrion; N, nucleus and v, virus-like particles. X 23,100.
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Fm. 2. Photomicrograph, showing the distribu-
tion of radioactivity within the melanoma cells.
Section is from a tumor from a mouse injected
6 hours previously with tntiated dopa. Tissue
fixed with osmium, embedded in Epon, and stained
with 1% toluidine blue. X 1,500.
TABLE I
Distribution of Radioacticity (per cent)
Hours After Injection Radioactivity
6
24
48
96
(in per rent)
66
67
69
55
Per cent of radioactivity associated with
endoplasmic reticulum and ribosomes.
the
cursor of melanin, and the results with dopa
are, therefore, more critical (5).
The amount of radioactivity associated with
the endoplasmic reticulum and ribosomes after
the injection of 113-dopa is summarized in Table
I and illustrated in Figure 3. Approximately
1000 grains were counted in this series, using
over 500 electron micrographs. Essentially com-
parable results were obtained using tyrosinc as
the substrate.
A number of control tissues were also ex-
amined. The liver of mice injected with
tritiated dopa was essentially free of radio-
active label, while the liver from mice prom-
jected with tritiatcd tyrosine showed label,
probably representing protein synthesis.
nTscTJssIoN
Recent studies of the fine structure of the
melanocyte have defined its morphologic pat-
tern (9). It contains few if any filaments, lacks
dcsmosomcs and has numerous mitochondria.
Between the mitochondria and throughout the
cytoplasm of the melanocyte there is a system
of membrane profiles. The endoplasmic reticu-
lum makes up the major portion of these
membranes. The rest of the cytoplasm is filled
with ribosomes. The Golgi complex is easily
recognized and is in a dispersed state.
It has been known for some time that protein
synthesis takes place at the level of the
ribonuclcoprotcin (RNP) particles and the
endoplasmic reticulum. It is also known that
this cellular organelle is well-developed in
those cells which have as their main function
the secretion and formation of large amounts
of proteinaceous material. The combination of
reticulum and RNP particles functions in the
following manner: the particles synthesize dif-
ferent proteins, varying with each typo of cell
and the secretion accumulates in the lumens of
the endoplasmic reticulum in liquid form. From
here it passes to the Golgi zone where it is ar-
ranged or compacted into its final form. It has
been postulated, that as the small vcsiclcs of
the Golgi complex enlarge within the melano-
cyte, membranous structures become evident
within the boundary membrane of the vcsicles
(prcmclanosome) (fig. 1). These internal mem-
branes may appear as concentric spirals or
parallel strands. As melanin is laid down on
this matrix the strands become thicker and
their density increases (melanosome). Later
the granule becomes uniformly dense and
structureless.
One of the great advantages of combining
electron microscopy with autoradiography is to
get more specific biochemical information con-
coming the location and fate of particular
substrates. After injection of labeled tyrosino
and dopa, the melanins which are being syn-
thesized become labeled and arc then detected
in electron microscope sections by means of
autoradiography. The first sites to become
radioactive after injection of a labeled pre-
cursor should be those where active synthesis
into end products actually takes place. The
radioactivity which appears later and at other
sites can be assumed to be due to the migration
of the newly synthesized end products. Labeled
dopa as well as tyrosinc was used in this study
because dopa is a more specific precursor of
melanin while tyrosine is incorporated into
proteins in general, as well as into melanin.
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When tritiated tyrosine was injected into
the animals and sections of the melanoma
studied in a time sequence manner, grain count-
ing showed a significant labeling of the endo-
plasmic reticulum. The labeling was evident
in the 24 hour sections and was more pro-
nounced in the 48 hour specimens. One can con-
clude from the above that most of the isotope
and therefore most of the protein and melanin
formation in these cells did occur in connection
with the endoplasmic reticulum. Little if any
of the labeling was associated with the mito-
chondria. The small amount of labeling present
could be either a chance occurrence or reflect
tyrosine involved in other metabolic reactions.
More specific information is obtained from
studying the autoradiographs of sections labeled
with tritiated dopa (Table I). Inasmuch as the
more soluble molecules, such as the free amino
acids, are removed from the tissue during
fixation and dehydration (7), it is likely that
the tritiated dopa revealed in the autoradio-
graphs has been incorporated into melanin
molecules or their immediate insoluble pre-
cursors which are formed in the endoplasmie
reticulum. The grains noted in these specimens
would then indicate the location of melanin (or
an intermediary metabolite) formation. Again
it was evident that the mitochondria were not
labeled. Labeling was noted in the six hour
specimens and, significantly, was associated
with the endoplasmic reticulum (fig. 3). In
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FIG. 3. A section of melanoma fixed 6 hours after injection of tritiated dopa. The grains (1) are
closely associated with the endoplasmic reticulum (er) and the Ribosomes. X 33,750.
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fact, it appears from the present data (66%
dopa labeling of the endoplasmic reticulum and
ribosomes at 6 hours), that the endoplasmic
reticulum is a primary site for reactions in-
volving tyrosine and dopa, especially since
topographic planimetry revealed the endo-
plasmic reticulum to occupy only 3.0% of the
cell area. This strongly suggests that tyrosinase
is formed at the ribosome level and is active
in the endoplasmie reticulum as well as in the
melanosome.
In similar autoradiographic studies of the
same, but older and more melanotie tumors,
33% of the labeling was located in the
melanosomes and/or melanin granules five days
after injection of tritiated dopa with only 28%
of the labeling being present in the endoplasmic
reticulum. This latter strongly suggests that
there is a progression of the label from the
endoplasmic reticulum to the melanin granule,
especially since measurement by topographic
planimetry showed that the melanin granules
occupy only 0.4% of the area within the
melanocyte. It appears then, that the melanin
formed in the endoplasmic reticulum is trans-
ferred via the Golgi apparatus to the melano-
somes and becomes melanoprotein. This concept
is compatible with the suggestion made by
Moyer (10) that the early melanosome fibers
are protein and that melanin is later deposited
on this protein matrix. This also fits well with
the observation that the fine structure of the
matrix is visible in albino pigment granules,
thus suggesting that the membrane structure
must be independent of melanin synthesis (11).
5UMMARY
Tritiated tyrosine and dopa were used to fol-
low the synthesis and fate of the precursors
and end products involved in melanogenesis.
Autoradiographs were analyzed in the electron
microscope. The data presented strongly sug-
gest that melanin synthesis is initiated in the
endoplasmic reticulum rather than in the
melanosome. Also, these observations do not
support the hypothesis that melanin granules
are modified mitochondria.
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